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Infectious canine hepatitis (ICH), an adenoviral disease of young Canidae and Uridae, is characterized clinically by inapparent to rapidly fatal disease. 3, 8 Canine adenovirus-1 (CAV-1) is both endotheliotropic and hepatotropic. In addition to acute hepatocellular necrosis, acute severe hemorrhages are seen on serosal surfaces, within lymph nodes and the liver, and rarely in the brain. 3, 4 Physical examination in acute ICH often reveals increased body temperature and respiration, lymphadenopathy, and a hemorrhagic diathesis that ranges from petechiation to fulminant bleeding.
This report describes an outbreak of fatal ICH virus-induced encephalopathy in a litter of 11 puppies, 9 of which died with acute central nervous system (CNS) disease. Nine Labrador Retriever puppies, born to an unvaccinated bitch on Kodiak Island, AK, and weaned at approximately 5 weeks of age, were presented with lethargy, vocalization, head pressing, ataxia, circling, blindness, and vomiting. Each puppy died within 24 hours of onset of clinical signs. The lesions described in this study are similar to those described in dogs and foxes with so-called fox encephalitis. 2 Frozen sections of liver, brain, and lymph node from 1 puppy and fresh sections of brain from a second puppy were submitted for evaluation. Liver homogenates were inoculated onto Madin Darby Canine Kidney cells for virus isolation. After 6 days, cultures were evaluated for cytopathic effect at which time cells were stained by fluorescent antibody technique using a canine adenovirus polyclonal conjugate. a Genomic DNA samples were amplified by polymerase chain reaction (PCR) in a reaction mixture that included 6.25 l of 10ϫ PCR buffer (10 mM Tris-HCl, 50 mM KCl, at pH 8.3), 5 l of deoxynucleotide triphosphate (dNTP) mix (10 mM of each dNTP), 0.25 l amplitaq, 0.20 l of bovine serum albumin, and 2 mM of MgCl 2 . Previously published primers designed to amplify mammalian adenoviruses were used to detect viral DNA. 5, 6 The primer sequences were: 5Ј-GCC GCA GAT GGT CTC TAC ATG CAC ATC-3Ј and 5Ј-CAG CAG CTG ACC GCG GAT GTC AAA GAT-3Ј.
Fresh tissues from the second puppy were fixed in 10% buffered formalin and embedded in paraffin. Four-micrometer sections were stained with hematoxylin and eosin and examined using light microscopy. Immunohistochemistry was performed with an avidin- Figure 1 . This is a sagittal view of formalin-fixed brain from 1 of the puppies that died. Necropsy revealed a large area of reddish discoloration in the thalamus, the result of multifocal petechial microscopic hemorrhages in the underlying neuropil. Arrows identify discrete, more superficial hemorrhages. biotin complex technique using a 1/10,000 dilution of mouse monoclonal antibody blend for 41 known serotypes of Adenovirus. b Brains examined from 2 puppies were slightly swollen, and on cut surface had multifocal petechial hemorrhages and gray discoloration of the brain stem ( Fig.  1 ). Mesenteric lymph nodes were edematous, and the parenchyma was hemorrhagic and bulging above the cut surface. Histologically, the brain had multifocal areas of congested blood vessels that contained swollen endothelium. The adjacent neuropil was characterized by coalescing areas of hemorrhage and mild spongiosis, and individual scattered neurons were swollen with pyknotic nuclei (Fig. 2) . Hepatic lesions were characterized by minimal foci of periacinar to periportal hepatocellular coagulation necrosis. Histological examination of hematoxylin and eosin-stained tissues revealed numerous large, basophilic intranuclear inclusion bodies within CNS vascular endothelium and rarely in individual hepatocytes. Immunohistochemically, large intranuclear inclusion bodies in nervous system endothelium, and occasionally within hepato-cytes, showed strong reactivity to anti-adenovirus antibody ( Fig. 3) .
Cell cultures inoculated with liver homogenates demonstrated cytopathic effect after 6 days of incubation. Affected cells showed positive reactivity with fluoresceinated polyclonal antibodies against canine adenoviruses.
Polymerase chain reaction amplification of sample DNA from the virus isolate, designated CAV-1 OADDL, indicated shared homology with other mammalian adenoviruses including reference CAV-1 and canine adenovirus 2 strains (CAV-2) c .
Canine adenoviruses 1 and 2 cause severe diseases in dogs, foxes, coyotes, and bears, including hepatitis, ocular lesions, interstitial nephritis, encephalopathy, and respiratory tract infections. 1, 3, 4, 7 Distinct differences in antigenic properties occur between these 2 viruses. Canine adenovirus-1 has affinity for endothelium and hepatocytes, results in fulminant hepatic necrosis, and rarely causes CNS disease. Acute hepatitis, often accompanied by hemorrhages and disseminated intravascular coagulation, is the most common presentation. In convalescent cases, an ocular reaction that involves antigen-antibody complexes produces corneal edema and anterior uveitis (characteristic ''blueeye'') and multifocal interstitial nephritis. Canine adenovirus-2 replicates primarily in the upper respiratory tract epithelium and usually results in upper respiratory infection but can also produce necrotizing bronchiolitis. Canine adenovirus-1 is transmitted by the oronasal route and excreted in the urine of carrier animals for up to 6 months. The prevalence of CAV-1 in wild and domestic canids on Kodiak Island is not known. Vaccination has significantly reduced the frequency of ICH in recent years. 4 In this particular case, the bitch was unvaccinated. This may have been 1 possible source of exposure for the pups, suggesting the bitch was an inapparent carrier of the virus or lacked adequate maternal antibodies against adenovirus. Another route of exposure could have been through contamination of the puppies' environment. Exposure in addition to a lack of maternal antibodies may have predisposed the pups to disease.
The lesions in the brain stem, characterized by multifocal hemorrhages, were similar to those previously described for the so-called fox encephalitis. 2 Intranuclear inclusions and characterization of the infection mode of fox encephalitis was described in 1933 by Green and Shillinger. 2 In these studies, inclusion bodies were described in the nuclei of endothelial cells of fox brains. Dogs were experimentally infected with virus inoculum and similar inclusions were seen in vascular endothelium and hepatocytes. Additional findings in dogs included lachrymal and nasal secretions and hepatic necrosis. A cause for the rare form of CNS disease is not known. Because CNS manifestations of CAV-1 infection are rare, the possibility exists that there may be variation in CAV-1 strains with respect to their CNS endothelial tropism. In this study, gross and histological findings supported a diagnosis of ICH virus infection. Histopathology and immunohistochemistry supported a diagnosis of ICH, and virus iso-lation/identification, in addition to PCR, further confirmed the presence of adenovirus in the tissue samples. The exact route of exposure of the infected puppies to adenovirus is not known.
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Comparison of two swine Mycoplasma hyopneumoniae enzyme-linked immunosorbent assays for detection of antibodies from vaccinated pigs and field serum samples
Mehrdad Ameri-Mahabadi, En-Min Zhou 1 , Walter H. Hsu
Abstract. Mycoplasma hyopneumoniae (Mhyo) causes mycoplasmal pneumonia, an economically important disease of swine. Serodiagnosis of Mhyo is based on the current available commercial enzyme immunoassays for detection of swine antibodies against Mhyo, which are the indirect enzyme-linked immunosorbent assay (ELISA) and the blocking ELISA (B-ELISA). Because of the limited information available for these ELISAs, these 2 assays were compared by testing 347 serum samples collected from vaccinated pigs at 0, 13, 28, 43, and 62 days postimmunization (DPI), 50 samples from nonvaccinated pigs, and 1,013 field serum samples. The results of comparison study showed that the specificity for both ELISAs was 99.2% generated from 139 nonvaccinated negative samples. The sensitivities for indirect ELISA generated from samples collected from animals that received the vaccine at DPI 13, 28, 43, and 62 were 0%, 95.7%, 88.4%, and 92.6%, respectively, whereas the sensitivities for B-ELISA were 0%, 98%, 100%, and 97%, respectively. The overall agreement of 96.7% and 80.3% was generated between 2 ELISAs from negative and vaccinated pigs and from field samples, respectively.
Mycoplasma hyopneumoniae (Mhyo) causes mycoplasmal pneumonia or porcine enzootic pneumonia, an economically important disease in the swine industry. 6 Mycoplasmal pneumonia is a chronic disease with high morbidity and low mortality. In mixed infection with other respiratory pathogens such as bacterial species, including Pasteurella multocida, Actinobacillus pleuropneumoniae, Haemophilus parasuis, or with viruses including porcine reproductive and respiratory syndrome virus, Mhyo induces more severe pneumo- nia than when alone. 7 Direct contact with carrier animals is the prominent transmission route, and Mhyo can also be transmitted from sows to piglets. It has been suggested that 25% of pigs have antibodies against Mhyo at age of 10-12 weeks, and approximately 90% of pigs at time of slaughter are serologically positive. 11 Pigs of all ages are affected by mycoplasmal pneumonia, and infected animals usually show first signs of the disease between 3 and 10 weeks of age. The major clinical sign of Mhyo infection is coughing but it may not be observed in all affected pigs. 10 Several diagnostic methods have been developed for the detection of Mhyo infections on the basis of whole cell extract, membrane preparations, or gene fragments. Most of these methods are not specific because of cross-reactivity between Mhyo and the closely related swine mycoplasmas, M. flocculare and M. hyorhinis 8 and have limited sensitivity or involve compli-
